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Abstroet 

Cardiovascular disease is the major corDplication apd 
cause of monality in the dialysis population, acixDunting 
for about 40% of deaths. Oxidative stress has been 
strongly implicated In the pathogenesis of these events. 
As patieriis irt end-stage renal disease (ESRD] are in a 
Slate of elevated free radical activity, the aim of the 
present study was to investigate the negative impact of 
smoking in 45 male hemodialysis <HD) patients. These 
patients, who were 40-B5 years of age (mean age 60.9 ± 
13.3 years), had been on hemodialysis for at least 12 
months before participating in this study. Fasting blood 
sampling for serum lipid, aJbumin, urate, lipid peroxides 
total blood glutathione (tGSH), non-GSH free sulfhydry! 
compounds (non-GSH fSH), plamia glutathione peroxi¬ 
dase (pGSHPx), erythrocytes glutathione peroxidase 
(rGSHPx), plasma glutathione S-transferase (pGST) and 
erythrocytes glutathione S-transferase (rGST) were de¬ 
termined. Our study showed that the plasma malonyl- 
dialdehyde (MDA) concentration was significantly higher 
in HD patients who smoked than in those who were non¬ 


smokers (1-99 ± 0.S3 vs. 1.55 ± 0.4B nmol/ml, p = Q.QOa). 
No association was found between levels of MDA in 
smokers and BMI, serum cholesterol and triglycerides 
and smoking index. We also found thet the circulating 
plasma levels of tGSH and non-GSH fSH was lower in the 
HD patients who smoked (tGSH 164.9 ± 41.5 us. 203.4 ± 
45.3 pg/ml;f5H 271.1 ± 55.8 vs. 308,8 ± 46.7 |tg/rnl; pc 
0.05 and p< 0,001, respectively). There were no signifi¬ 
cant differences in the pJasma levels of uric acid, 
pGSHPx, rGSHPx, pGST, rGST, albumin, and age be¬ 
tween the 2 groups. Partial correlation analysis of the 
plasma ievels of the measured antioxidants and the 
smoking index revealed a negative correlation between 
the plasma levels of iGSH and smoking index (r = -0.62, 
p< 0.003}, Similarly, the plasma levels of tGSH was 
found negatively correlated with the levels of plasma 
MDA (r = -0.32, p < 0.05) of the HD patients. In conclu¬ 
sion, our data suggest that cigarette smoking has a nega¬ 
tive impact on plasma-circulating products of lipid per¬ 
oxidation in HD patients. The lower blood levels of the 
tGSH and non-GSH fSH in HD patients who smoked sug¬ 
gests that these patients may be more susceptible to oxi¬ 
dative damage caused by smoking, 
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Intfoduption 

Cardiovasculaf tnortality is substantially alavated in 
dialysis patients and the risk for cardiovascular mortality 
is apprpxiniaiely 10 limes (range 2,5-17.0) times Jiigher 
than that of the general population [1, 2], Many dialysLv- 
and utemia'related factors can contribute to the genesis of 
atherosclerotic disease [3]. Attention has recently been 
directed toward the potential role of OAidative stress in 
uremic cardiovascular ooraplicatbus. 

Oxidative stress, dchncd as a perturbation in the pro- 
Oxidant and antioxidant balance, has been strongly impH- 
cated in both atherosclerosis and generalized myocardial 
dysfuQctbn in diverse human and animal studies [4], 
End-stage renal disease is characterized by an increased 
level of the free radical oxidants relative to the antioxi¬ 
dants. Several previous studies [5-b} havp demonstrated 
that ESRT) patients on maintenance hemodialysis were 
found to be exposed to higher oxidative stress of free radt 
cals and reactive oxygen species (ROS). Some investiga¬ 
tors [7-9] have shown increased lipid peroxidation in the 
pJasma and erythrocytes of uremic patients [7-91. Froba- 
bly an imbalance between the generation and the Hjanoval 
of ROS aj\d free radicals associated with the uremic 
milieu play a pivotal role in the atherosclerotic complica¬ 
tions in patients with BSRD. 

Cigai'cttc smoking has been firmly established as one 
ot the major cardiovascular risk factors in non-ESRD 
populations. Some studies mvestigating patients on he¬ 
modialysis document that smoking substantially in¬ 
creases the risk of death from cardiovascular complica- 
Lions, particularly in patients with diabetes inellitus [10]. 
Cigarette smoke contains a wide variety of chemically 
reactive species that may lead to the modification of bio¬ 
logical macromoiecules [11]. Oxidative stress is consid¬ 
ered to be one of the major pathogenetic mechanism asso¬ 
ciated with smoking [12]. It has been hypothesized that 
the active chemical substances damage lipids and result in 
the foimaticm of pro-atherogenic oxidized particles, spe¬ 
cifically oxidized LDL [131. Several studies have demon¬ 
strated higher levels of oxidized U>L in smokers [13,14]. 
Moreover, cigarette smoke has been reported to result in 
depletion of antioxidant vitamins in the body [15-16]. AU 
these pathologic effects may probably provide an impor¬ 
tant causal meclianism that links smoking with the devel¬ 
opment of atherosclerosis in cigarette smokers. In some 
recent studies, increased susceptibility of oxidative DNA 
damage has been demonstrated in nonutemic smokers as 
compared with nonsmokers [17-18J. 


Glutathione (GSH) is usually the most abundant cellu¬ 
lar thinl. It is involved in the transport of certain amino 
acids, a eoenzynie for various enzymes and more impor¬ 
tantly, and defends the tissue cells against damage in¬ 
duced by ROS and free radicais. In addition, it also pro¬ 
tects cells from toxic effects of xenobiotics and environ¬ 
mental pollutants by serving as a substrate in the removal 
of metabolic inteimediates such as hydrogen peroxide, 
organic hydroperoxides and lipid peroxides by GSH per¬ 
oxidase. Alterations of these antioxidants may thus ren¬ 
der the body more vulnerable to oxygen free radicals. 
Most of the smoking-meciiated free radicals and ROS may 
cause alteratioiis of the levels of GSH and related anti¬ 
oxidants [19]. These changes may lead to oxidative dam¬ 
age of cells and ti^ues. To our knowledse, available data 
regarding the impact of cigarette smOkitig on alterations 
of GSH and related antioxidants and lipid peroxidation 
in ESRD patients on hemodialysis (HD) are limited. We 
undertook this study to assess the detrimental effects of 
cigarette smoking on the plasma levels of thiols related 
antioxidants in ESRD patients cm hemodialysis. 


Patients mid Methods 

The study group consisted of 45 ESIU3 psticuls on hemodialysis 
at the Dialysis CcniBr, Kuang Tien General Hospital. These patients, 
wtiowcTcap-gSyeatsofjigctnican age 60.9 4; l3,3yeflrs>, had been 
on hemodialysis for at least 1Z months before participating in this 
Study. Patients with neoplasia, acute infectious diseases, severe mal¬ 
nutrition (serum albumiu below 2,8 g/dl), severe intcreunent illness, 
and advanced liver diseases were excluded hum chis study. The 
cause of ESRD in studied patients were chronic glomerolonophritis 
in 32 patients (71.341]), diabdie nephropathy in 4 (8.8‘)ii), ctuonie 
pyelonephritis in 6 (13.3%), polycystie kidney disease in 1 (2.2%), 
and with unknown cause in 2 patients (4.4%), All the palicnts 
received 4-hoiir bicarbonate hemodialysis trcatincni three timts a 
week to mumtain minimuBi Kt/V urea index of 1.4 per session. 
Hemodialysis was perfoTmed with a hetnophan membrane (Gambro 
Alwall Plus-1 S and Plus-lK; 1,3-1.8 surface area) and heparin was 
used for anticoagulation fat all patients. 

A control group was established from 20 healthy non-smokine 
volunteers (recruited from health checkup) Who were age-, and sex- 
matched to the groupofFSRD patients. All participants underwent a 
medical history and physical examination. None of the controls Sui- 
fered (rom acute iniectlous disease, chronic inHaninialory diseases or 
had clinical evidence or any cardiovascular disease. Information on 
smoking habits was assessed in sAl patients using a questionnaire. 
Smoking habits were categorized into those wlio had never smoked 
and current smokers. The smoking Index was defined as the number 
of cigarettes smoked per day x yearn of smoking/ZO. 3-Day food rec¬ 
ords were analyzed to determine the vitamin C and A content of the 
patients* diet [20). None of oui patients were on hypolipidemic drugs 
and etteh patient in our study received a daily vitamin B complex 
supplement. 
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Collection and Preparation of Blood Samples 
After 12 h of fivitmg, venous blood Ramples were taken from eacb 
of Oic palionLS and control subjects. Following ceotrifugalien at 
2,900 rpm for lOmin, th? plasma was collected and stored in aliquots 
ui -80° C or used immediately forcneymatic assays. ScYeral alu)uoti> 
of the same samples were transferred inU' other tubes to be used for 
the assays of other plasma or serum paramcLers, which wctu per¬ 
formed by routine laboratory lechtiiquei. In addition, an aliquot of 
t ml fresh blood was collected in a heparin vneutainer far biochemi¬ 
cal analysis of the plasma level uflipid peroxides. 

J3cfcrrm>iafOT;i of Total Glutathione (tCSH) 

An aliquot of 0.05 ml of 10% perchloric acid (PCA) was added LO 
Cl. I ml of whole blood to remove proteins by precipitation and cen- 
irifugation. Total free GSH in whole blood was measured with the 
recycling cnr.ymatic assay, which employs glutathione reductase to 
induce a kinetic cotorimetric reaction of DTNB (j.S'.'dithLobis-Cl- 
lutrobenaoic acid) [21], The rate of chungc of absorbance at 412 nm 
wB.H miinitored at 30“C within 5 min. The concentration of tGSH 
in blood was culculuted from a standard Curve and is csprct»ed as 
PU/thI. 

Deterui/riiif/ort □/ Nort^STTFfee Sulfhydryl in Whole Blood 
TheerTneentration ofblDod thiols was determined by a uoinriinet- 
ric method according to Fllman [22], An aliquot of 0.05 ml 10*K) PCA 
was added into 0.1 ml whole blood to remove proteirrs by precipila- 
tioi] and centrifugation. The supernatant was added with 0.05 ml of 
O.I Af DTNB. Alier thorough mixing, the mixture was left standing 
lit loom temperature. The linal absorbance at 412 nm was recorded 
after 30 min ruBclion of DTNB with all the SH group<oTitaining 
compounds. The blood oonccnlnition of total free thiols is expressed 
as pg/tni. 

Measurement of GSHFx /IcriVtrier in Plasma and Erythrocytes 
Glutathione Peroy:ielase (GSffPx). Plasma or hemolyxed erythro¬ 
cytes, G$H reductase and GSH were incubated Id 1.0 ml of 50 aiM 
Phosphate huITisr (pH 7.0) at 37“C fpr It) min, NADPH solution 
(L.O mM) and 5 nsM sodium atide were then added and allowed to 
equilibrate for 3 mill at 20“C, The eaiymatic reaction wa.s initiated 
by additinn of 5 tiiAf' t-butyl-hydropcrosideus the substtate.Thc con¬ 
version of NADPH to NADP^ was then followed by continuous 
recording of the decrease of the absorbance at 349 nm for 5 min [23]. 
CSHl’x activity is expressed os U/l or U/g Hb. 

GluluthiiHie S-Transferase in Plasma and Erythrocytes (pGST 
and tCS'l ). The GST activity in the plasma or ctylhrocyles was mea¬ 
sured asing l-chlofo>2,4-dinitrobcnxBne (CDNB) as substrate no- 
cording to the method described by Habig el ul. [24]. The inaction 
mixlun; in 2 ml contained 0.2 M sodium phosphate bulTcr (pH 8.5), 
9,95 mM CDNB, 0.95 mM CSH, and O.S ml plnsmaor lysed erythro¬ 
cyte suspension. The reaction was initiated by the addition of the 
electrophilic substrate CDND and the reaction wok monitored at 
25'C .vpectrophotometrically by the increase of the absorbance at 
340 nm. The background rate in the absence of test samples was sub¬ 
tracted to correct for the iionenzymatic reaction. The GST activity is 
expressed as U/l or U/g Hb. 

Measuremefii of Plasma Lipid Peroxides 
Plasma level of lipid peroxides was measured as tnnlondialdc- 
hyde (M DA) by an HPLC system as described previously {25], 500 (J 
each of a plasma sample, reagent blank (distilled water), and tetrame- 


thoxy-propane (TMP) working standard solutions were respectively 
pipetted into a glass tube. After mixing, 750 pi of 0.44 M phosphoric 
acid and 250 pi of 0,6% thiobarbiluric acid CTBA) were added. The 
mixture washeated for 1 h in boiling water(100“ C), and then cooled 
at 4*C, This was followed by neulralixing 500 pi of the boiled sample 
with 500 pi of methanol-1 JVNaOH mixture (45.5:4.5, v/v) lo precip¬ 
itate proteins before injection into a Cis column. After centrifuga¬ 
tion, 10-20 pi of the piotcin-free supernatant was injected to the 
HPLC system to separate the MDA-TBA adduct from interforine 
chrotuogens. The MDA-TBA adduct was Muantified spectronuori- 
metricalJy at 532 nm. The conoentraiioii of lipid peroxides in the 
plasma sample is expressed as nmol MDA/ml. A calibration curve 
was prepared for each nm by using 1,1,3,3-ietrametboxyptopene as 
the .standard. 

ijihoraloiyEvalimtioii 

Biochemical assays of scrum albumin, blood urea nitrogen 
[BUN], creatinine, and urie acid were perfnimed on a multiparamet- 
ric autoanalyuer (Dimension®, Dade Behring Inc., Newark, N.J., 
USA). C-reactive protein was determined uaing a ncphelometry 
method (Behring, MaibutB, Gcrwiiiiiy). Serum ferritin concentration 
was determined by a micTOpaiticIe cnxyme immunoassay (IMX, 
Abbott, Chicago, TIL, USA). Senim cholesterol, HDL^holesterol and 
triglycerides were determined by coinmcrcislly available enzymatic 
kits. Serum LDL-cholesterol was calculated according to the Fricdc- 
wald formula, 

Siotistlcal Analysis 

Data are piescnred as means 3: SD. Data analyses were per¬ 
formed with SPSS software. Statistical evaluations were made using 
Morn-Whitney test far unpaired data and one-way analyses Of vari¬ 
ance (aNOVA) with Schdffc's test for multiple comparison among 
means were used to uumpare intergroups cb'iretences. Spearman's 
correlation coefficient was need far correlation oompariiofl. p < O.OS 
was cohstdeied to be staliatically significant. 


Results 

The main clinical features and biochemical character¬ 
istics of 45 male ESRD patients and 20 control subjects 
who participated in the study are given in table 1. As 
shovvii in table 1, HD patients had significantly biglier 
plasma MDA levels as eonipared with agc-matched 
healthy nonsmoking contiots. The average GSHPx activi¬ 
ty in plasma and erythrocytes of the dialysis patients was 
significantly lower than controls. The erythrocyte GST 
activity in healthy controls and HD patients is also shown 
in table 1. Healthy controls displayed a mean control val¬ 
ue of 5.74 ±0.30 U/g Hb. In the ESRD patients on HD, 
GST activity of erythrocytes increased significantly with 
respect to the control values (p < 0.001 ). In contrast, the 
plasma activity of GST was significantly decreased in the 
HD patients. In addi lion, both the mean concentration of 
total blood GSH (tGSH) and non-GSH free sulihydryl 
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Table 1. Main clin^al characteristics of HD patients and healthy 
ronUol subjects 


Cdntnil subjects MD Patimts 

n 

20 

45 

Age, years 

57.7±I3.3 

60.9± 13.3 

BMI. kg/m- 

24,l±l.72 

22,213.28 

Cholesteml, mg/dl 

I61.3±32.4 

177.2139.8 

Triglyceride, mg/dl 

130.8 80.6 

143.6188.6 

Ibtal plasma MDA, nmol/ml 

0.89 ±0.26 

1.7510.53" 

riasina(SH,pg/nil 

338.S±I1.J 

292.1153.8* 

Plasma tOSH, pg/irl 

20l,0±l0.0 

186.3147.3" 

pGSHPx, U/ml 

636.6±77.4 

288.6161.8* 

rGSHPx.U/gHb 

62.4±2.D 

53.8±9.8* 

pCST, Ufi 

7.5±0.2 

4.811.4* 

fOS 1', U/g Hb 

5.7 ±0.3 

7.812.6* 


Values expressed as mean SD. 

TJody TTia*>s indc^ (BMI). malondialdchydc (MDA), total blood 
gUitachioito(tCSH), non-^GSH free sul&ydryl compounds (non-GSH 
fSH)i plasma glutiilhione peroxidase (pCSHPx), erythrocyies gliiia- 
LKione peroxidase trCSHPx), plasma glutathione S'transfcfase 
(pGST) and erythrocytes glutathione S^transferase (rCST). 

Comparison by Manu-Wiiitney test. 

fp< 0.001; t-pcO-O^. 


cotnpouiids (fGSH) of HD patients were significantly 
lower than that of the healthy controls. 

Ic table 2, the c lini cal and blijcheiDical characteristics 
of HD patients subdivided into groups according to 
smoking status arc reported. The two groups of phlicnls 
were comparable for all potential confouuders. No signiG- 
cance differttnee was found in age, body mass indes. 
(EMI), lipids profile, blood pressure, duration of hemodi¬ 
alysis . Most of the patients in this study were noudiabetics 
with only 2 m each group described above. There were no 
differences in dietary intake of vitamin C, and E between 
smokers and nonsmokers as reflected from their dietary 
diary. As stated previously, our healthy nonsmokers had 
significanily lower plasma levels of total MDA than ure¬ 
mic nonsmokers. The plasma MDA ooncentration was 
significantly higher in HD patients who smoked than in 
HD patients who were nonsmokers (1.99 ± 0.53 vs. 1.55 
± O.46nmoiyml,p =i0.008), Wefoundthattlieciiculating 
blood levels of tGSH and fSH were lower in the HD 
patients who smoked (tGSH 164.9 ± 41.5 vs. 203.4 ± 
45.3 |ig/ni1;fSH 271.1 ± 55.8 vs. 308.8 ± 46.7 Mg/tnl; P< 
0.05 and p < 0.001, respectively) as shown in table 3. No 
a.ssociation was found between levels of MDA in smokers 
and BMT, serum cholesterol and friglycerides and smok- 


.Smnking snii Blond Thiol-Group Rdatcd 
Aniioiddanrs in HD Patients 


Table Z. Clinical and bjachcraicnl chanu!teri$tii% of HD patients 
gtoupod according to smoking habits 



Nbiiinolen!''' 

-/?. iSintters' 

Age,yeais 

60.7113.6 

61.1113.1 

BMI. I(£/At2 

21.113.4 

22.4 ±3.3 

Duration of HD, luooths 

30-218.2 

31.415.1 

Tnial chcilebiteral, mg/dl 

179.2143.5 

175.11.35.5 

Triglycerides, tng/dl 

122.6 1 56.1 

171.2190.1 

HDLchdcsteiDi, ingidl 

38.2111.6 

35.2112.8 

LDL chplestetDl, ITit^dl 

121.1134,8 

116,1 ± 38,4 

Fasting blood glucose, mmol/l 

15.616.7 

15.115.3 

Creatinine, pmol/l 

963.61212.2 

1,043.11309.4 

Blood urea filttogfiti, cnmol/dl 

24.614.2 

22.813.9 

Serum albumin, g/l 

40,613.2 

41.014.9 

UratCp nmol/I 

440.3 1 95.2 

410.61113.1 

Hemoglobij], g/dl 

IO.SIO.9 

10.4±0.9 

Hematocrit, % 

31.012.8 

30.8*2.8 

C-reactive protein, mg/dl 

0.7810.72 

0.8511.10 

Fcrrilijl, jxfi/l 

575.31266.5 

699.71496.7 

icon saiuiation, % 

34.4±12.0 

440121.1 

Systolic BP, mm Hg 

136.511S.1 

140.1120.1 

Diastolic BP,X mm Hg 

82.018.7 

83.2110.1 


Values expressed as mean SD. 

Body mass index (BMl), blood pressure (BP), liemodlalysis (HD), 
high-density lipoprotein (HDL), and low-density lipoprotein (LPL). 
Comparison by Mann-Whitney test. 


TaNe 3. Conccntiations of antioxidants arrd lipid pentxides in the 
plasma and RBC of HD patients grouped according to smoking 
habits 



■ . N'insmokiis 

• -.SmqKe^.s 

Plasma fSH, pg/ml 

308-8146.7 

271.1155.8* 

Plasma tGSH, pg/ml 

203.4±45.3 

164.9141.5 • 

pGSHPx, U/ml 

273.5153.2 

307.6167,7 

KJSHP*. U/gHb 

56.418.9 

50.6110.1 

pGST.U/l 

4.711.3 

4.911.5 

rOST,U/elIb 

8.212.4 

7.312,7 

MDA, nmol/ml 

1.551.46 

1.9910.53* 


BMI s Body mass index; MDA = maiondialdehyde; tGSK = total 
blood glutathione- non-GSH [5H = non-GSH free sutlhydiyl com¬ 
pounds; pGSKPx = plasma glniathiopc peroxidase; tGSHBx — eryth¬ 
rocytes ^Utathione peroxidase; pCST = plasma giutathione S-trans- 
fecase; rOST = ctythiocytcs glutathione S-transfurrase. 

ANOVA with least significant difference was used to compare the 
levels of antioxidants of patients in 2 groups and controls. 

° Signifieimtly difTerent from group I (nonsmokers) (p < 0.05), 
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1. ReIattonshii> between tbc blued level 
<jf total gtuiaihioiiB and (hat of plasma ma- 
londialdehydc fur all hcTnodialysis patients 
(n = 45). f indicates Speannan correlaiifw 
encITicienL 


200 

‘rttisl glilTsthio-m t^ig/rrin; - 



toe. 



Fig. 2 . Regtessiofi of the blood level of total 
glutathione (pg/inJ) on smaking index for 
all hemodialysis patients who smoke (n = 
20 ), r indi=a 1 «e SpeBrman correlation eneill- 
cient. 



ing index. As also shown in table 2 and 3, there were no 
signiilcant ditterenccs in the plasma levels of uric acid, 
pGSHPx, iGSHPx, pGST, rGST, albumin, and age be¬ 
tween the 2 groups. Again, neither the systolic blood pres¬ 
sure, diastolic blood pressure, norglycemk status showed 
significant difTerence between the 2 groups. 

Apart trom the significantly lower levels of plasma glu¬ 
tathione observed in smokers than in ncmsinokers on HD, 
the blood levels of tGSH was negatively correlated with 
the levels of plasma MDA (r = -0.32, p < O.OS) (fig. 1). By 
partial correlation analyses of the measured glutathione- 


related antioxidants, wc found that both blood levels of 
fSH and plasma levels Of fGSHPx were also significantly 
correlated in a negative manner with the levels of plasma 
MDA in HD patients (fSH; r = -0.27, p < 0.05; rGSHPx: 
r = -0.30, p < 0.05). In addition, correlation analysis of 
the plasma levels of the measured antioxidants and the 
smoking index revealed a negative correlation between 
the blood levels of tGSH and smoking index (r = -0.62, 
p < 0.003) (fig- 2). However, no correlation between the 
blood levels of fSH or plasma MDA and smoking index 
was observed. In addition, we found that the blood con- 
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centration of tGSH exhibited a 7% decrease in both 
smoking and non-smoking HD patients when compared 
to controls. On a further analysis, wc found that HD 
patients who smoked had a greater (18%) decrease of 
IGSH when compared to normal controls. 

i3iscussian 

This study demonstrates that smoking caused changes 
in the indices of tbiol-group-iclaied antioxidant status 
and lipid peroxidation in HD patients, HD patients who 
were current cigarette smokers have higher measures of 
lipid peraxidation than nonsmokeis as reported previous¬ 
ly [26]. Cigarette smoking decreased activity of pGSHPx 
and lowered blood concentration of tGSH and fSH in HD 
patients. Alterations of thiol-related antioxidants ob¬ 
served in HD patients who smoke supports the hypothesis 
that cigarette smoke causes impairment in the enzymatic 
antioxidant defense and increases oxidative damage of 
critical biological substances in the body of HD patients. 

The ihiol-group-related antioxidants, including fCSH, 
tGSH, GSHPx and GST, constitute one of the major free 
radical scavenging systems involved in the elimination of 
the smoking-mediated prooxidants [27], A decreased effi¬ 
ciency in the natural antioxidant systems presumably 
exacerbates the extent of the oxidative stress of ESRD 
patients. Glutathione, a sullldc-containtng tripcptidc, is 
present in all cell types and can scavenge H^Oj, OH-, 'Oj- 
and chlorinated oxidants. It also prot»:ts cells from the 
toxic effects of free radicals and other organic hydro¬ 
peroxides by serving as a substrate for GSHPx and GST 
during the removal of metabolic intermediates. It is well 
known that superoxide dismutase and GSHPx acting in 
tandem provide the prituaiy enzymatic antioxidant dc- 
fciiscs [28], During this process, the level of OSH is 
believed to be a limiting factor which requires the mainte¬ 
nance of a high QSH/GSSG ratio as achieved by gluta¬ 
thione reductase (GSSG-Rd). Due to its high content of 
oxidants, the cigarette smoke is bound to cause a pro- 
oxidant/autioxidant imbalance in the blood and tissues of 
smokers. In fact, alterations in antioxidant activities of 
erythrocytes, tissues and plasma, under smoking-me¬ 
diated free-radical load, have been observed by several 
investigators [ 19,29, 30], Toth et aL [29] have found that 
the erythrocytes from cigarette smokers contain more glu¬ 
tathione and protected endothelial cells against H 2 O 2 bet¬ 
ter than did erythrocytes from nonsmokers. In a separate 
study, Michelet et al. [29] found that the blood level of 
tGSH in smokers was positively correlated with the num¬ 


ber of cigarettes smoked per day. In the present study, no 
obvious changes in the blood levels of tGSH and fSH were 
seen between age-matched normal controls and dialysis 
patients who did not smoke. However, a decrease in the 
activity Of tGSH and fSH in whole blood has been 
observed in dialysis patients who smoked. In accordance 
with our previous work [31], a negative correlalion be¬ 
tween lipid peroxides and tGSH as well as fSH was 
observed. Enhanced lipid peroxidation in dialysis pa¬ 
tients who smoke may thus be causally related to the 
antioxidant depletion. In non-ESRD populations, age is 
an important factor in determining the adaptive response 
to counteract the smoking-mediated pro-oxidants. With 
aging, impairment of the regeneration of thiol-group-con¬ 
taining antioxidants was noted [29, 32], In most of our 
patients (>40 years old), the thiol-group compounds in 
the blood eirculaiiofi are maintained at sufficiently high 
levels by the adaptive response probably through induc¬ 
tion of biosynthesis of GSH ftom the liver and peripherai 
tissues. However, in di^llysis patients who smoke, the 
blood concentration of tGSH and fSH is substantially 
decreased. In fact, we found that the leveb of tCSH was 
negatively correlated with the smoking index (r = -0.32; 
pc 0.05). 

Since many smoking-mediated mutagens or caitino- 
geos bear electrophilic and/or nucleophilic structure 
moieties, the activity of GST that catalyzes the conjuga¬ 
tion of xcnobiotics with GSH, is important in reducing 
the susceptibility of tissues to the damage caused by these 
dcleteiious compounds [24], Our previous study [33] ha-s 
shown that the GST activity was increased in the erythro¬ 
cytes of HD patients when compared to normal controls. 
Howbvar, in the present study, wc found that the activity 
of rGST in the blood of HD patients who smoked was not 
maximally increased. In a uremic milieu, maximal induc¬ 
tion GST could be a response to the low efiiciency of the 
GST-dependent detoxification system which tends to be¬ 
come defective during the aging of uremic erythrocytes 
[34]. The observed decrease in rGST activity in HD 
patients who smoked suggests that smokinfr-mediatedoxi- 
danLs and organic free radicals may be responsible for par¬ 
tial inhibition of this detoxification system. 

GSHPx is an antioxidant enzyme which catalyzes the 
reduction of organic hydioxyperoxides and hydrogen per¬ 
oxide, using glutathione as the reducing agent, thus pro¬ 
tecting cell membranes against Upid peroxidation [35], In 
the blood, two types of GSHI^ have been identified, 
namely classical cellular GSHPx in eiythiocytea and ex¬ 
tracellular GSHPx in plasma. This study has shown that 
GSHPx activity is decreased in renal failure confirming 
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the results of piuvious reports [36,37], In contrast, ciyth- 
Tocytes GSHPx activity was not decreased in oui IID 
patients. Since cigarette smolce k potentially capable of 
generating a high free radical load and many of our male 
HD patients were smokers, it was prudent to study the 
causal relationship between long-term smoking and free 
mdical scavenging activity iit these patients. In non- 
ESRD populations, several authors [38-41] have found 
that the activity of CSUPa is decreased in smokers. It was 
also found that the GSHPx activity was negatively corre¬ 
lated with tobacco consumption [39]. However, in gome 
studies (31, 40] young smokers exhibited increased activi¬ 
ty of GSHPx, whereas decreased activity was seen only in 
older smokers. Since our patients were comprised of a 
group of older smokers receiving HD, the process of adap¬ 
tation seen in younger smokers was not seen. ThCiC were 
also no differences in rCSHPx between HD patients who 
smoked and who did not smoke. 

The role of lipid peroxidation in the pathogenesis of 
atherosclerotic complications of ESRD patients remains 
unclear. Cigarette smoke contains a large number of oxi¬ 
dants and can induce lipid peroxidation in plasma and 
erythrocytes [4l] as well as potentially atherogenic 
changes in lipoproteins [42], In vitro studies have sup¬ 
ported tile evidence of an increased formation of lipid 
pcfoxidra after exposure of plasma to gas phase of ciga- 
reUe smoke [43], even though the mechanisms by which 
smoking may increase plasma 1 ipid peroxides remain spe- 
culaiive. The extents of lipid peroxidation in smokers of 
nnnureinic populations have yielded inconsistent results 
[44-46]. Such reported difference stemmed largely from 
the Umiiatioas of most assays of lipid peroxidatior [47] 
and the different dietary pattern of studied subjects. 
Although most patients received routine multiple vitamin 
supplements, the prescription did not include vitamin C 
and fj. Moreover, the HD patients were having diets that 
wcru rather roslriclcd in nutritional sources of antioxi¬ 
dants. Tliere were also no apparent differences in surro¬ 
gate nutritional indices including serum albumin, choles¬ 


terol, BMI between smokers and nonsmokers in our study 
population. These lindlngs suggest that the overatl nutri¬ 
tional status of our patients was similar. Our results are in 
good agreement with published data that the plasma lev¬ 
els of total MDA were significantly higher in HD patients 
than that of healthy controls [7-9]. Besides, it k more 
noteworthy to mention that the plasma MDA levels of 
HD paticirts who smoked were significantly higher than 
those of nonsmoking HD patients. Since HD patients had 
higher baseline MDA concentrations than that of healthy 
controls, the fotther increased plasma MDA concentra¬ 
tion found is probably explained by cigarette smoking. 
However, in the present study we did not find any signifi¬ 
cant relation between plasma MDA levels and number of 
cigaristtes smoked per day. 

Limitations of our study design merit consideration as 
our patients comprised of a group of hemodialysis pa¬ 
tients with different underlying tenal diseases. In an 
attempt to ascertain possible interfering influences, we 
carefijly match tho$c patients who smoked and who did 
not smoke for age, body mass index, duration of hemodi¬ 
alysis and the number of patients with diabetes. In addi¬ 
tion. the relatively small number of patients limits the sta¬ 
tistical power of the study. 

In conclusion, the results from our study suggest that 
cigarette smoking has a negative impact on plasma-circu¬ 
lating products of lipid peroxidation in HD patients. The 
finding of lower blood levels of the tGSH, and fSH in HD 
patients who smoke suggests that HD patienti who smoke 
may be more susceptible to oxidative modification as well 
as damage elicited by cigarette smoking- Morcovei’, wc 
found that the iGSH correlated natively with the 
amount of lipid peroxides and the smoking index in HD 
patients. These findings support the clinica] importance 
of discouraging the initiatioa of smoking as well as of pro¬ 
moting its cessation in HD patients. In this context, it is of 
interest that smoking cessation not only reduced the car¬ 
diovascular risk, but also attenuates the rate of progres¬ 
sion of diabetic and uondiabetic renal diseases [lUj. 
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